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the pier. This was laid in 1906, and it had become completely
filled with sand and silt at the time of installing the register
in 1908. This pipe should have been at least 8 inches in
diameter, and there should have been another pipe outlet to
the channel arranged so there would always be a slight move-
ment of water thru the bottom of the well. Thus the inlets
would tend to keep themselves clear. A 2-inch pipe is now
in place several feet above the 4-inch pipe, and will, of course,
do this to some extent when the water is above that point, but
it is feared it will hardly prove sufficient for the purpose, and
a special annual cleaning out of the bottom of the well and
the lower inlet-pipe may be required.

The 10-inch float-guide pipe was installed in sections as the
work of building up the pier progressed, but no special efforts
were made to avoid the accidental deposit therein of wood,
crusht stone, cement, and filth by careless workmen. Both
well and pipe should be kept closed during the building opera-
tions of all bridge piers intended for the use of registering
river gages. Where possible, more light and ventilation should
also be provided for the vault room containing the registering
apparatus.

The records thus far obtained at Hartford have been checked
daily by eye observations of the ordinary river-gage, and have
been found exceedingly accurate. They will doubtless prove
of great value in the river work of this section.

THE METEOROLOGY OF MARS.
By Prof. S1MoN NEwcomB. [Reprinted from Harper's Weekly for 25th of July 1908.]

The study of the atmospheres of each of the other planets
of our solar system is likely to add something to our knowl-
edge of our own atmosphere, and we commend to our readers
the following extract from a longer article by our distin-
guished colleague in astronomy.—C. 4.

There are two points concerning Mars on which we can speak with a
fair approach to certainty, and which will be most valuable in enabling
us to interpret observations.

In the first place the atmosphere of Mars is 8o much rarer than that of
the earth that the most delicate observations by Campbell with the great
spectroscope of the Lick Observatory have failed to show any evidence
whatever of its existence. This does not prove that no atmosphere
exists, because there are other sources of evidence; but in the opinion
of Campbell it shows that the density of the atmosphere can not amount
to one quarter that of the earth. This view is strengthened by the com-
parative rarity of clouds upon the planet. Portions of the surface are
seemingly obscured by vapors from time to time, but this is rather ex-
ceptional in any one region.

The other point on which we have some light, apart from the revela-
tions of the spectroscope, is that of the probahle prevailing temperature.
A reliable estimate of this important element in Martlan meteorology
has been possible only in recent times, since the law of radiation of heat
has been determined. The reasoning on which the estimate is based
is so simple that I shall venture to set it forth.

We all know that a hot body is continually radiating heat, so that fire
in the chimney place will warm the opposite walls of the room even if
the air is below the freezing point. We feel this radiation only in case
of very hot bodles, like the coals or flame of a fire. But accurate experi-
ments show that every body, however cold it may be, radiates heat when
left to itself without receiving heat from any outside source.! For ex-
ample, during the night the earth radiates heat into space hour by hour,
so that, as a general rule, its surface grows cooler during the entire
night. Exceptions occur only when a current of warm air sets in. We
know that, during the polar winter, although the Arctic regions receive
a little warm air from the temperate zone, the temperature continually
falls through radiation into the sky, month after month, until it reaches
& degree far below any ordinarily experienced in our latitudes. It fol-
lows that any heat thus radlated by a planet, like the earth or Mars,
must be gained from some source, else the temperature will fall below
any that we ever experience on the earth, even below that of liquid air.

There is practically only one source from which the necessary heat is
derived either for the earth or for a planet. That source is the sun.
True, a little heat Is received from the stars and a little from the interior
of the earth, but these amounts areso small as to be scarcely measurable.
Now, suppose a perfectly cold planet like the earth or Mars exposed to the
sun’s rays, and set rotating on its axis while revolving around the sun

!The law followed is that the higher the temperature of a body the
more rapidly it loses heat by radiation. .
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In a regular orbit. It will gradually absorb heat from the sun and so
rise in temperature, As the temperature rises, heat will be radiated at
a rate which continually increases with the temperature, as we see in
the case of the fire. A point will finally be reached at which the amount
of heat radiated is equal to the total amount received from thesun. Then
the temperature will become stationary. It follows that if we know
how warm a body must be in order to radiate a certain amount of heat,
and if we know how much heat it receives from the sun, we can approxi-
mately determine its temperature.

The sun’s radiation upon the earth has been determined with as much
certainfy as the case admits of by several modern physicists, high among
whom stands our late Professor Langley, Secretary of the Smithsonian
Institution. The result of these observations may be exprest in the
following way. Imagine a flat vessel 1 inch thick, of any cross dimen-
sions, filled with water and covered over water-tight. We thus have
something which may be shaped like a very thin box. The main points
are that the thickness of the vessel is exactly 1 inch, that it is filled with
water, and that one surface s blackened so that it absorbs all the heat
which falls upon it. Let this surface be exposed to the rays of the sun
as shown in the figure.? Itisfound that the amount of heat falling upon
it will suffice to raise the temperature of the water 1° C., that is, about
1.8° F., in a minute. This, then, is the measure of the heat which the
sun radiates to a planet as distant as ours. Knowing it for the distance
of the earth, we can easily compute it for Mars, because the intensity
diminishes as the square of the distance increases. When Mars is nearest
the sun each square mile of its surface recelves about half as much heat
as the earth, and at the greatest distance about one-third as much. This
has long heen known, but only recently has the other part of the problem
been solved-~that of determining how warm the earth or Mars must be
in order to radiate all the heat it receives. The temperature that is
necessary to produce this effect was long greatly underestimated. A
curlous instance is afforded by Langley’s estimate of the temperature of
the moon. He supposed that a body radiating as little heat as the moon
does must be far below the freezing point. But when the law of radia-
tion was finally established, it was found that Langley's observations
showed the temperature of the moon to be not strikingly different from
that which prevails on the earth, tho it might be much higher under a
noonday sun and much lower when turned away from the sun. Very
interesting is the agreement of the computed result with the temperature
of the earth. It was formerly thought that the atmosphere served as a
sort of blanket to the earth, which allowed the sun's heat to pass thru
it and reach us, but permitted only of a very small amount being radi-
ated back. Probably there is some such blanketing effect, but it is much
less than was supposed. In fact, when we calculate about what tem-
perature the earth ought to have In the general average, to radiate all
the heat it recelves from the sun we find it to be not very different from
the actual temperature. The same remark applies to the moon. We
thus have what every physical philosopher desires when he draws con-
clusions from a theory—practical test of the latter. The law of radiation,
tho seemingly well proved by observation, might have been subject to
more or less doubt as a method of determining the temperature of a
planet had 1t not been confirmed by the case of the earth. Being con-
firmed, we apply it with confldence to estimate the temperature of Mars.
A simple caloulation leads to the conclusion that the temperature of the
surface of that planet must be everywhere below the freezing point of
water, unless in its torrid zone, under a high sun.

Another conclusion from the rarity of the air is that the viclssitudes
of temperatnre are there far greater than upon the earth. We have re-
marked that during our night the earth cools off by radiating into space
the heat which it received from the sun the day previous. We also
know that the clearer and dryer the air the greater is the fall of tem-
perature, while the presence of clouds lessens the fall by interfering with
radiation. The radiation and absorption of heat by the atmosphere are
much less than by the earth, so that during the night the air gives back
to the earth an important part of the heat which it has received from it
during the day. But on Mars the alr is so rare that during the night it
offers little impediment to the radiation, and does not contain much heat
to return fo the surface of the planet. Moreover, in our Arctic reglons,
during the long polar night, the fall of temperature is lessened thru the
intercommunication of the air by winds between the Frigld Zone and the
warmer regions where the sun is shining. Now on Mars this feature
also is wanting, and there is no such powerful agent to limit the fall of
temperature in regions where the sun is not shining.

We, therefore, conclude that during the night of Mars, even in the
equatorial regions, the surface of the planet probably falls to a lower
temperature than any we ever experienced on our globe. If any water
oxists it must not only be frozen, but the temperature of the ice must
be far below the freezing point. When, as the Martian morning appears,
the sun’s rays shine upon this cold region they can not begin to melt the
ice until the temperature of the latter rises above the freezing point.
This will take a much longer time than it will on the earth, because the
heat recelved is, on the average, less than half as great as what we re-
celve. Without going into detailed calculations, we may say that it is
scarcely possible that more than one or two inchesof ice could be melted

2 Not reproduced here.
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during a Martian day. Thus, whileit is possible that under a noonday
sun the temperature of the air and, perhaps, of the solid rock may rise
above the freezing point of water, all the heat received must e com-
pletely lost when the sun sinks in the west. The most careful calcula-
tion shows that if there are any comnsiderable hodies of water on our
neighboring planet they exist in the form of ice, and can never be liquid
to a depth of more than 1 or 2 inches, and that only within the torrid
zone and during a few hours each day. We may claim with certainty
that in the polar regions of Mars the temperature can never rise to any-
thing near the freezing point of water.

Here a difficulty may at once occur to the critical reader. Are not the
snow caps of Mars actually seen to melt away under the influence of the
sun’s rays? I reply in the negative. There is no evidence that snow like
ours ever forms around the poles of Mars. It does not seem possible
that any considerable fall of such snow could ever take place, nor is
there any necesity of supposing actual snow or ice to account for the
white caps. At a temperature vastly below any ever felt in Siberia, the
smallest particles of molsture will be condensed into what we call hoar-
frost, and will glisten with as much whiteness as actual snow. Thisis
a familiar fact which requires no elucidation. We should expect hoar-
frost to form around the poles of Mars if there is the slightest tinge of
vapor in its thin invisible atmosphere. We do actually see this white
formation.

But why does this hoarfrost disappear under the sun’s rays if the
temperature remains below the freezing-point? The reply is that, as
physicists and meteorologists well know, snow and ice slowly evaporate
even at the lowest temperature that can be produced. The rate of
evaporation is so slow as to be unnoticed, except when very exact ob-
servations are made. We should, therefore, expect that in the absence
of a perceptible atmosphere, when this thin coating of frost erystals,
perhaps a millimeter in thickness, is exposed to the sun, it will gradually
evaporate day after day, leaving the darker surface under it exposed.
This is precisely what we see to take place. Thus, so far as the ordinary
facts are concerned, there is nothing to surprise us in what we see going
on upon Mars at so low a temperature. The higher elevations In the
temperate and torrid zones of the planet would naturally now and then
be covered by frost during the night, which might continue during the
following day, or for a number of days. Thus we have a kind of Martian
meteorological changes, very slight indeed and seemingly very dif-
ferent from those of our earth, but yet following similar lines on their
small scale. For snowfall substitute frostfall; instead of feet or inches
say fractions of a millimeter, and instead of storms or wind substitute
little motions of an alr thinner than that on the top of the Himalayas,
and we shall have a general description of Martian meteorology.

RHOENT ADDITIONS TO THE WEATHHER BUREAU
LIBRARY,

C. FiTzHUGH TALMAN, Librarian.

The following have been selected from among the titles of
books recently received, as representing those most likely to
be useful to Weather Bureau officials in their meteorological
work and studies. Most of them can be lent for a limited time
to officials and employees who make application for them.
Anonymous publications are indicated by a .

Apia. Samoa-Observatorium.

Bericht iiber das Samoa-Observatorium fiir 1907. (Aus den Nach-
richten der K. Gesellschaft der Wissenschaften zu Gottingen ge-
schiiftliche Mitteilungen. 1908. Heft 1.)

... Ergebnisse der Arbeiten des Samoa-Observatorium. 1I. Das
Samoa-Observatorium von Hermann Wagner. Berlin. 1908. 70p.
4°, (Abbhandlungen der Koniglichen Gesellschaft der Wissen-
schaften zu Gottingen. Mathematisch-physikalische Klagsse. Neue
Folge. Band 7. Nro. 1.)

Association international de sismologie.

Comptes rendus des séances de la deuxidme réunion de la Commis-
sion permanente et de la premidre assemblée générale de 1'Associ-
ation internationale de sismologie réunie a la Haye du 21 au 25
septembre 1907. n.p. n.d. 283 p. fo,

Baden. Zentralbureau fiir Meteorologie und Hydrographie.

Deutsches meteorologisches Jahrbuech. 1907. Karlsruhe. 1908.
77 p. fo.
Jahres-Bericht ... 1907. Karlsruhe. 1908. 116 p. f°.

Besson, Louis.
Variations diurne et annuelle de la fréquence des cirrus a Paris.
(Extrait des Annales de Montsouris, t. 8, 4= trim., 1907.)
Bibliotheca geographica.
Band 13. Jahrgang 1904. Berlin. 1908.
Catania. R. Osservatorio.
Osservazioni meteorologiche del 1907. n. p.
Ceylon. Surveyor-general.
Administration reports, 1907. Part 4. Education, science, and art.
Meteorology. [Colombo. 1908.] F 68. 9pl.

xvi, 560 p. 8°.
n.d. 7p. 1o
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COommission permanente internationale d’aéronautique.

Proets verbaux et comptes rendus des travaux de la session extra-
ordinaire tenue & Bruxelles du 12 au 15 Septembre 1907. Paris.
1908. 198 p. 4°.

Costanzo, G., & Negro, C.

Sopra alcuni fenomeni di ionizazione provocata delle nevi. (Estratto
dagli Atti della Pontificia accademia Romana dei nuovi Lincel.
Anno 41. Sesslone 6 del 17 maggio 1908. 5p. f°.)

Cyclopedia of American agriculture.
- A popular survey of agricultural conditions, praetises, and ideals in
the United States and Canada. Edited by L. H. Balley. v. 1-3,
New York. 1907-1808. 4°.
Oyclopedia of American horticulture.

By L. H. Bailey. Assisted by Wilhelm Miller. ..Fifth edition. New

York. 1906. 4v. fo.
Ekholm, Nils.

...Spannkraft des geséittigten Wasserdampfes und Eisdampfes.
Upsala. 1908. 76 p. 8°. (Arkiv for matematik, astronomi och
fysik...Band 4. N:o 29.)

Fitzner, Rudolf.

Meteorologische Beobachtungen in Kleinasien 1903. Berlin. 1907.
37 p. fo. (Beltrige zur Klimakunde des Osmanischen Rel._hes
und seiner Nachbargebiete. 1I.) ’

Gthent. Université. Station de géographie mathématique.

Annuaire météorologique. Mars 1907-février 1908. Roulers. 1908.
87 p. 120,

Hamburg. Deutsche Seewarte.

Tabellarische Reiseberichte nach den meteorologischen Schiffstage-
btichern. 5. Band 1907. Berlin. 1908. x, 236 p. 4°

Hanzlik, Stanislav.

Die ridumliche Verteilung der meteorologischen Elemente in den
Antizyklonen.) Wien. 1908. 94 p. f°. (Besonders abgedruckt
aus dem 84. Bande der Denkschriften der mathematisch-natur-
wissenschaftlichen Klasse der kaiserlichen Akademie der Wissen-
schaften.)

Hildebrandt, A.

Airships past and present, together with chapters on the use of bal-
loons in econnection with meteorology, photography, and the car-
rier pigeon. Translated by W. H. Story. London. 1908. xvi,
364 p. 8°.

India. Meteorological office.

Rainfall of India. 1906. Calcutta.

Kerner v. Marilaun, Fritz.

Untersuchungen iiber die Verfinderlichkeit der jéhrlichen Nieder-
schlagsperiode im Gebiete zwlschen der Donau und ndrdlichen
Adria. Wien. 1908. 59 p. f°. (Besonders abgedruckt aus dem
84. Bande der Denkschriften der mathematisch-naturwissenschaft-
lichen Klasse der kaiserlichen Akademie der Wissenschaften.)

Millot, C.

La pluie & Nancy de 1878 & 1907 (30 années). Nancy. 1908. 11 p. 8°.
Mysore. Meteorological department.

Report on rainfall registration...1907. Bangalore. 1908. 47 p. f°.
Prussia. K&nigliches preussisches meteorologisches Institut.

... Anleltung zur Messung und Aufzeichnung der Niederschlige. 7.
Auflage. (Verdffentlichungen des Koniglich preussischen meteor-
ologischen Instituts. Nr. 194.)

Aspirations-psychrometer-Tafeln. Braunschweig. 1908. xiv, 87 p. fo,

Rawson, H. E.

... Anticyclones and their influence on South African weather. Cape
Town. 1907. (From the Report of the South African assoclation
for the advancement of science, 1906. p. 49-68. 89°.)

Ricco, Annibale.
Anomalie della gravitd e del magnetisimo ferrestre in Calabria e

1908. v.p. fo.

Sicilia in relazione alla costituzione del suolo. Modena. 1908.
17 p. 89,
Sabadell. Observatorio.

Resumen de las principales observaciones verificadas en esta esta-
ci6bn meteoroldgica durante el quinquenio 1902-1906. Sabadell.

1908. 69 p. 8°.

8t. Petersburg. Institut impériale forestier. Observatoire
météorologique.
Observations. 1908. St. Pétersbourg. 1908, xii, 65 p. 13°.

Szirtes, Sigismond.

...Coordonées des stations sismiques du globe et fableaux auxili-
aires pour les calculs sismiques. Strassbourg. 1908. 23 p. 4°.
(Publications du Bureau central de I’ Association internationale de
sismologie. Sér. A. Mémoires.)

... Eléments sismiques de quelques tremblements de terre japonais.
1 partie. Strasshourg. 1908. 34 p. 4°. (Publications du Bureau
central de I’Association internationale de sismologle. Sér. A. Mé-
moires,)

Vincent, J.

Nouvelles recherches sur la température climatologique. Bruxelles.
1906. 120 p. f°. (Annales de I’Observatoire royal de Belgique.
Nouvelle série. Annales météorologiques.)

Atlas des nuages. Bruxelles. 1907. 29p. 7pl. f°o,



